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Abstract
There is growing evidence for an association between sensory reactivity and men-
tal health in autism. This study set out to explore the relationship between sensory
reactivity and mental health in preschool-aged autistic children. In total 54 pre-
school-aged children with an Autism Spectrum Condition took part. Sensory and
mental health symptoms were obtained from the Sensory Processing Scale Inven-
tory, Sensory Assessment of Neurodevelopmental Differences and the Behavioral
Assessment System for Children–3. Correlational analyses showed a relationship
between sensory reactivity and mental health symptoms in autistic preschool-aged
children. Results also indicate divergence in sensory-mental health profiles
between autistic preschool-aged children who are verbal and those who use few to
no words. For the first time this study has revealed a relationship between sensory
hyper-reactivity, as well as sensory seeking, and mental health symptoms outside
of anxiety in autism. Of note, this relationship between sensory hyper-reactivity
and internalizing symptoms appears to be driven by those with few to no words.
This has implications for both research and clinical interventions, in particular for
our understanding of the factors underlying mental health symptoms in different
autistic phenotypes, as well as the possible role of functional communication in
mitigating the development of mental health symptoms.
Lay Summary: The present study found that in autistic preschoolers, externalizing
mental health symptoms, such as hyperactivity, are related to sensory seeking
(seeking out or being fascinated with sensory stimuli), and internalizing mental
health symptoms, such as depression, are related to sensory hyper-reactivity (sen-
sitivity to sensory stimuli). Our results also show that whilst the relationships
between externalizing symptoms and sensory seeking is seen across participants,
the relationship between internalizing symptoms and sensory hyper-reactivity was
only seen in autistic preschoolers who used few to no words. This has important
implications for the assessment of sensory differences as part of more rigorous
mental health assessments, especially in autistic people who use few to no words.
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INTRODUCTION
Sensory reactivity, such as hyper-reactivity (sensitivity to
sensory stimuli, such as being overwhelmed by sounds),
hypo-reactivity (under-responsiveness to sensory stimuli,
such as not noticing when touched), and sensory seeking
(seeking out or being fascinated with sensory stimuli,
such as spinning objects), are common in autistic1
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individuals (Leekam et al., 2007; Marco et al., 2011;
Tavassoli et al., 2018; Tomchek & Dunn, 2007). Rates of
sensory reactivity have been reported as high as 95% in
autistic populations (Tomchek & Dunn, 2007), with sen-
sory reactivity showing to significantly impact many
areas of functioning, including communication (Lane
et al., 2010; Miller et al., 2007; Watson et al., 2011;
Zachor & Ben-Itzchak, 2014), socializing (Glod
et al., 2015; Hilton et al., 2007; Hilton et al., 2010; Thye
et al., 2018), eating (Cermak et al., 2010; Paterson
& Peck, 2011; Zobel-Lachiusa et al., 2015), sleeping
(Hollway et al., 2013; Mazurek & Petroski, 2015;
Reynolds et al., 2012), toileting (Beaudry-Bellefeuille &
Lane, 2017; Cupelli et al., 2014), and oral care
(Bartolomé-Villar et al., 2016; Stein et al., 2011, 2013).
Whilst autistic individuals, including children, tend to
show greater differences, these associations between
occupational and behavioral functioning and sensory
reactivity appear to be omnipresent, including in
populations outside of autism (Bar-Shalita et al., 2008;
Boterberg & Warreyn, 2016; Carr et al., 2010; Dean
et al., 2018; Sinclair et al., 2019).
There is also growing evidence for the association
between sensory reactivity and mental health. Extant lit-
erature has so far implicated sensory reactivity differ-
ences primarily in anxiety conditions (Glod et al., 2015;
Goldsmith et al., 2006; Green & Ben-Sasson, 2010; Liss
et al., 2005; MacLennan et al., 2020) and schizophrenia
(Brown et al., 2002; Javitt, 2009; Javitt &
Freedman, 2015; Yeap et al., 2008). However, there is
evidence to suggest that sensory reactivity plays a role in
other conditions, including depression, bipolar disorder,
obsessive compulsive disorder (OCD), and attention defi-
cit hyperactivity disorder (ADHD) (Bailliard &
Whigham, 2017; Engel-Yeger et al., 2016; Serafini
et al., 2017). Moreover, at a mental health symptom
level, sensory reactivity has broadly been associated with
inattention, withdrawal, hyperactivity, aggression, emo-
tional dysregulation, fearfulness, irritability, impulsivity,
and alexithymia (Dean et al., 2018; Engel-Yeger
et al., 2016; Liss et al., 2008; Serafini et al., 2017; Tseng
et al., 2011). Gouze et al. (2009) assert that differences in
sensory reactivity in preschool-aged neurotypical children
is a risk factor in the development of mental health symp-
toms, with evidence emanating from studies of both
behavior (i.e., questionnaire) and physiology (Gouze
et al., 2009).
Studies in autism have further highlighted that autis-
tic people, as well as presenting with higher levels of sen-
sory reactivity, are also at a significantly higher risk of
developing a comorbid mental health condition than
their non-autistic peers (Kreiser & White, 2015; Russell
et al., 2016). A large proportion of autistic children expe-
rience their first mental health symptoms prior to the age
of five (Carter et al., 2003; Green et al., 2012). Whilst the
American Psychiatric Association (American Psychiatric
Association, 2013) report prevalence rates of comorbid
mental health disorders in autistic children of up to 70%,
and 40% with multiple comorbidities, many clinical, self-
and parent-report studies have reported rates above this,
and as high as 95% (Caamaño et al., 2013; Gjevik
et al., 2011; Lugnegård et al., 2011; Lundström
et al., 2015; Margari et al., 2019; Simonoff et al., 2008).
A recent systematic review and meta-analysis provides
estimated autism population prevalence for diagnostic
clusters and disorders, including for ADHD (28%), anxi-
ety disorders (20%), depressive disorders (11%), and dis-
ruptive, impulse control and conduct disorders (12%)
(Lai et al., 2019). Further, a review of the National Insti-
tute of Mental Health’s (NIMH) Research Domain
Criteria (RDoC) framework has highlighted the lack of
research into sensory reactivity and mental health, and
identified the need for further investigation across mental
health symptoms and diagnoses in autistic individuals
(Harrison et al., 2019). It is noted, however, that there
remains conjecture around the accuracy of prevalence
rates reported in the literature stemming from the hetero-
geneity of measures used to assess mental health (Lai
et al., 2019; Stadnick et al., 2017), and speaks to the
broader issue within autism research of measures, partic-
ularly those for children, not being validated in an autis-
tic population. Given the variety of presentations
inherent in a spectrum condition, any investigation of
autism phenotypes, including for sensory reactivity and
mental health symptomology in autism, should also
endeavor to incorporate the experiences of individuals
across the spectrum. Currently, the majority of the litera-
ture in the field of autism has neglected to include autistic
people who are minimally or non-verbal (Jack &
Pelphrey, 2017; Stedman et al., 2019), henceforth defined
as ‘few to no words’ in line with the Module 1 classifica-
tion algorithm in the Autism Diagnostic Observation
Schedule (ADOS-2) (Lord et al., 2012) and endorsed by
autism research charities, such as Autistica. Whilst
approximately 30% of preverbal autistic individuals
develop minimal or no verbal language, comparatively
few autism studies, including mental health studies, have
investigated or included as part of their methodology par-
ticipants who use few to no words (Tager-Flusberg &
Kasari, 2013). Mental health studies which have included
this population show a pattern of reduced symptom
severity in school-aged (5–18 years) autistic participants
who use few to no words. In particular, verbal autistic
children show higher severity scores for depression,
somatic complaints, oppositional defiance disorder, gen-
eralized anxiety disorder and overall internalizing prob-
lems when compared with their peers who use few to no
words (Fok & Bal, 2019; Lerner et al., 2018; Skwerer
et al., 2019). Contrastingly, autistic children who use few
to no words show greater ADHD severity scores (Lerner
et al., 2018).
There has been limited research on how verbal lan-
guage relates to, or impacts on, sensory reactivity. The
limited research conducted thus far has found positive
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correlations between communicative difficulties and sen-
sory reactivity severity. Specifically, this has been shown
in sensory seeking and hypo-reactivity. Using measures
of communicative ability, such as the communication
domain of the Vineland Adaptive Behavior Scales
(Sparrow et al., 1984), researchers have identified that as
communicative difficulties increase, so too do sensory
reactivity differences (Liss et al., 2006; Watson
et al., 2011). More broadly, further studies investigating
autism severity and sensory reactivity have revealed a
positive relationship between autism severity and
sensory reactivity (Adamson et al., 2006; Kern
et al., 2007; Taylor et al., 2018). However, this area needs
further exploration as other studies have found limited
evidence of this link (Lane et al., 2014).
The current study seeks to explore sensory reactivity
and mental health symptoms, and elucidate the correla-
tional relationship between sensory reactivity and mental
health constructs across autistic preschool-aged children
presenting with a wide range of abilities. In line with
recent research proposing studies should explore autism
subgroups both separately and combined (Mottron &
Bzdok, 2020), our aim was to investigate mental health
symptoms and sensory reactivity within our total sample
prior to exploring any variations within the verbal and
few to no words subgroups.
METHODS
Participants
Overall, 62 preschool-aged children were recruited
through the University of Reading’s Centre for Autism
participant database, social media platforms, local
National Health Service (NHS) Child and Adolescent
Mental Health Services (CAMHS), word of mouth and
through Autism Berkshire – a local autism organization.
Inclusion criteria were either (a) having a standing clini-
cal diagnosis of autism completed by a clinical psycholo-
gist and/or speech and language therapist and confirmed
by a pediatrician, or (b) having a suspected autism spec-
trum condition (ASC) and meeting cut-off criteria on
both the Autism Diagnostic Observation Schedule
(ADOS-2) (Lord et al., 2012) and the Autism Quotient
(AQ) (Auyeung et al., 2008). Eight participants were
excluded as they did not have a standing clinical diagno-
sis of autism and scored below cut-off on the ADOS-2.
Thus, in total 54 autistic children were included in our
final analyses (41 males and 13 females, 3–5 years,
M = 4.02, SD = 0.77).
For this data collection both the University of Read-
ing Research Ethics Committee and the NHS Health
Research Authority approved the consenting procedure
used for these participants. Parents provided written con-
sent, and verbal assent was obtained from children who
were able to, otherwise voluntary task compliance was
considered assent. All children were provided with social
stories ahead of time depicting the testing activities, pic-
tures of the buildings and campus, and photos of the
researchers. Further steps taken to minimize participant
anxiety or discomfort included a period of acclimation at
the beginning of the testing session whereby participants
engaged in free play, inclusion of parents within the test-
ing room at all times, utilization of a visual timetable for
the activities, and access to snacks and drinks. Fifty-one
participants completed the ADOS-2 to confirm inclusion
criteria. Of these, 32 children completed Module 1 and
19 children completed Module 2. The remaining three
participants had received a community diagnosis of
autism, which included the ADOS-2, within the 6 months
prior to testing. One of these participants completed
Module 1, and the other two completed Module 2. Over-
all, 33 children completed Module 1 and 21 children
completed module 2.
To contextualize our sample, we conducted the
Matrix Reasoning subtests of the Wechsler Nonverbal
Scale of Ability (WNV) (Wechsler, 2006) for those aged
four or five, or the British Ability Scale (BAS3) (Eliot &
Smith, 2011) for those aged three. Participants who were
able to engage and complete cognitive testing had a mean
Matrix Reasoning T-score of 53.67 (range: 17–72,
SD = 13.59). However, only 21 participants were able to
complete cognitive testing, and as such this score may be
an over- or under-estimation of the true mean, although
caution should be taken if underestimating the intelli-
gence of autistic individuals who use few to no words
(Courchesne et al., 2019; Giofrè et al., 2019). None of the
participants had any sight or hearing impairments that
would impact their performance in the study. One partici-
pant reported comorbid avoidant restrictive food intake
disorder (ARFID), one participant reported a comorbid
autosomal disorder (Currarino triad) and one participant
reported a chromosome disorder (16p11.2 deletion syn-
drome). Fifty-two participant families provided ethnic
background data, and the sample was reported as Cauca-
sian (64.8%), South Asian (20.4%), North African (1.9%)
and Mixed (9.3%). Demographic characteristics can be
further found in Table 1.
Mental health measure
Behavior Assessment System for Children Third
Edition-Parent Rating Scale-Preschool (BASC-3
PRS-P)
The BASC-3 PRS-P is a parent-completed measure of
adaptive and maladaptive behaviors in children aged two
to five. The measure contains 12 subscales, four compos-
ite scales, nine content scales and four executive function-
ing indices (Reynolds & Kamphaus, 2015), with each
item utilizing a 4-point Likert-type scale (“Never” to
“Almost Always”). This study used five subscales
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(hyperactivity, aggression, anxiety, depression, and
somatisation) and two composite scales (internalizing
problems and externalizing problems). Subscale example
questions for hyperactivity include “acts without think-
ing” and “has poor self-control;” for aggression include
“breaks other children’s things” and “hits other children;”
for anxiety include “is nervous” and “is easily stressed;”
for depression include “cries easily” and “is easily upset;”
and for somatisation include “vomits” and “has sore
throats.” Raw scores for each scale are summed and
transformed into standardized T-scores (M = 50;
SD = 10) for interpretation. The BASC-3 PRS-P has
been found to have both strong internal consistency
(Cronbach’s α = 0.83–0.93 across composites and scales)
and test–retest reliability (r = 0.87–0.92 across compos-
ites and scales) (Reynolds & Kamphaus, 2015). It is
noted that the BASC has been widely used in autism
research (Bradstreet et al., 2017; Ellison et al., 2019;
Gardner et al., 2018; Lindsey et al., 2020; Mahan &
Matson, 2011; Volker et al., 2010).
Sensory reactivity measures
Sensory Processing Scale Inventory (SPSI)
The SPSI is a parent-report measure of sensory over-
responsivity (SOR; aka hyper-reactivity), under-
responsivity (SUR; aka hypo-reactivity), and sensory
craving (SC; aka sensory seeking) (Schoen et al., 2017).
The measure consists of sensory behavioral items mat-
ched to the three sensory constructs. Example items for
hyper-reactivity include “These aspects of self-care bother
my child (e.g., getting dressed, washing or wiping face);”
for hypo-reactivity include “Typically my child does not
notice (e.g., hands or face that are messy, activity in a
busy environment);” and for sensory seeking include “My
child likes to (e.g., make a lot of noises during play activ-
ity; often makes strange sounds).” Responses are rated on
a binary scoring system (applicable = 1; not applica-
ble = 0), then summed to provide total construct scores.
Internal consistency was strong across all scales (SOR:
α = 0.89; SUR: α = 0.88; SC: α = 0.93) (Schoen
et al., 2017).
Sensory Assessment of Neurodevelopmental
Differences (SAND)
The SAND (Siper et al., 2017) is a measure of sensory
reactivity consisting of a direct observation and
corresponding caregiver interview that is appropriate for
children with few to no words. The direct observation
involves the standardized presentation of 15 specific sen-
sory stimuli (in the form of child-friendly toys; five for
each modality – visual, tactile, and auditory) to partici-
pants with a trained administrator rating corresponding
behavioral responses. The interview requires caregivers
to answer questions on their child’s sensory preferences
which are item-matched to the observation. Both the
observation and interview provide construct scores for
hyper-reactivity, hypo-reactivity and sensory seeking
(range 0–24). Scores on both measures are dichotomous,
0 (not present) or 1 (present), based on observed or
TABLE 1 Demographic characteristics of participants
Participants N % Mean age (Y:M)a SD (Y:M)a Range
Total 54 4.02 (4:0) 0.77 (0:9) 3–5
Female 13 24.07 3.92 (3:11) 0.76 (0:9) 3–5
Male 41 75.93 4.05 (4:0) 0.77 (0:9) 3–5
ADOS-2 module Total Female Male
N % Mean age (Y:M)a SD (Y:M)a N % N %
Module 1 (few to no words) 33 61.11 3.91 (3:10) 0.72 (0:8) 8 24.24 25 75.75
Module 2 (verbal) 21 38.88 4.19 (4:2) 0.81 (0:9) 5 23.81 16 76.19
Matrix reasoning N % Mean T score SD Range
Total 21 38.89 53.67 13.59 17–72
Few to no words 6 18.75 52.2 12.79 33–64
Verbal 15 78.95 53.73 14.61 17–72
Ethnicity N %
Caucasian 35 64.8
South Asian 11 20.4
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reported sensory behaviors. Severity scores are also coded
(1 = mild; 2 = moderate–severe). The SAND has been
used in autistic children who have few to no words, and
has strong internal consistency (Cronbach’s α = 0.90)
and test–retest reliability (r = 0.82–0.97) (Siper
et al., 2017). For a more detailed description of the
SAND, please see Siper et al. (2017).
RESULTS
SPSS 24 was used to analyze the data. Pearson’s correla-
tion analysis was used to elucidate the relationship
between the SPSI and the SAND. Relationships were
found between each of the related constructs: hyper-
reactivity (rs = 0.55, p < 0.001), hypo-reactivity
(rs = 0.33, p = 0.016) and sensory seeking (rs = 0.36,
p = 0.008). Given the relatedness of the measures,
z scores were calculated to standardize the data for analy-
sis. Following standardization, composite scores were
derived by summing and averaging SPSI and SAND z-
scores in order to minimize multiple comparisons (Kim &
Lord, 2012; Song et al., 2013) and provide more robust
sensory data which incorporates both parent-reports and
observations as suggested in previous research (Siper
et al., 2017; Tavassoli et al., 2016, 2019). Further, aggre-
gating the data provides greater stability, representation,
and estimation as measurement error is minimized
(Rushton et al., 1983). The z-scores from the two sensory
measures were combined and averaged to compute the
composite, and the composite scores have been used for
all subsequent analyses. A Shapiro–Wilk test indicated
the following BASC subscales departed from normality:
aggression [W(50) = 0.916, p = 0.002], anxiety [W
(50) = 0.892, p < 0.001], and somatisation [W
(50) = 0.922, p = 0.003]. As such nonparametric tests
have been used to analyze the relationship between sen-
sory scores and BASC-2 mental health constructs.
Descriptive analyses
Frequencies of participants meeting clinical threshold for
behavioral and mental health symptoms were determined in
order to assess prevalence rates of hyperactivity, aggression,
externalizing problems, anxiety, depression, somatisation,
and internalizing problems in our sample. As per Reynolds
and Kamphaus (2015), clinically indicated scores are deter-
mined as a T-score of 70 or higher in the domains assessed,
representing less than 5% of the population. Results are
shown in Table 2, along with sensory reactivity and
ADOS-2 comparison score descriptives.
46.3% of our sample scored in the clinically signifi-
cant range for hyperactivity (verbal = 47.6%, few to no
words = 45.5%), 31.5% for aggression (verbal = 38.1%,
few to no words = 27.3%), 40.7% for externalizing prob-
lems (verbal = 52.4%, few to no words = 33.3%), 13.0%
for anxiety (verbal = 23.8%, few to no words = 6.1%),
25.9% for depression (verbal = 38.1%, few to no
words = 18.2%), 14.8% for somatisation (verbal = 19.0%,
few to no words = 12.1%), and 20.4% for internalizing
problems (verbal = 23.8%, few to no words = 18.2%).
Further, 69.4% of our sample scored within the clinically
significant range for at least one symptom (ver-
bal = 71.4%, few to no words = 69.7%), with 56.4% scor-
ing within the clinically significant range for two or more
symptoms (verbal = 61.9%, few to no words = 54.5%). A
Wilcoxon signed-rank test indicated our sample was
more likely to present with an externalizing problem than
an internalizing problem (Z = 5.72, p < 0.001).
Sensory reactivity and mental health symptoms
In order to examine the relationship between sensory
reactivity differences and behavior and mental health
symptoms in the overall sample, bivariate correlational
analyses were conducted between the sensory composite
z-scores and BASC-3 z-scores using Spearman’s correla-
tions (Table 3).
Hyper-reactivity and mental health
Small to moderate positive effects were detected for anxi-
ety (rs = 0.30, 95% CI [0.012, 0.577], p = 0.033), depres-
sion (rs = 0.33, 95% CI [0.034, 0.571], p = 0.021),
somatisation (rs = 0.52, 95% CI [0.259, 0.720],
p < 0.001), and internalizing problems (rs = 0.43, 95% CI
[0.156, 0.654], p = 0.002).
Hypo-reactivity and mental health
A moderate negative effect was detected for anxiety
(rs = 0.44, 95% CI [0.668, 0.153], p = 0.001).
Sensory seeking and mental health
Moderate to large positive effects were detected for
hyperactivity (rs = 0.68, 95% CI [0.490, 0.8.6],
p < 0.001), aggression (rs = 0.47, 95% CI [0.226, 0.688],
p = 0.001), externalizing problems (rs = 0.60, 95% CI
[0.381, 0.776], p < 0.001), and depression (rs = 0.33, 95%
CI [0.074, 0.566], p = 0.021).
We subsequently examined if ADOS-2 comparison
scores or total AQ scores, representing autism traits, were
related to sensory or mental health symptoms. Spe-
arman’s correlation analysis indicated that AQ and
ADOS-2 comparison scores were significantly positively
correlated with aggression, externalizing problems, anxi-
ety and internalizing problems. Post-hoc partial correla-
tion analysis controlling for autism traits found that all
correlations between sensory composites and mental
health symptoms remained significant (p < 0.05).
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Further, Fisher’s z-test confirmed that the changes in cor-
relation coefficients were not significant (p > 0.05),
suggesting the relationships are independent from the
effects of autism traits.
Sensory reactivity and mental health symptoms
by subgroup
In order to examine the relationship between sensory
reactivity differences and behavior and mental health
symptoms between verbal participant and participants
with few to no words, bivariate correlational analyses
were conducted between the sensory composite z-scores
and BASC-3 z-scores using Spearman’s correlations
(Tables 4 and 5).
Hyper-reactivity and mental health
In the few to no words group, moderate to large positive
effects were detected for anxiety (rs = 0.60, 95% CI
[0.268, 0.768], p = 0.001), depression (rs = 0.57, 95%
CI [0.224, 0.772], p = 0.001), somatisation (rs = 0.62,
TABLE 2 Descriptive statistics for sensory reactivity differences (SPSI and SAND raw scores; z-score composites), mental health symptoms
(BASC-3 raw scores, and percentage of participants who scored above the cut off indicating clinically elevated symptom severity), and autism traits
(ADOS-2 raw comparison scores)
Total Verbal Few to no words Clinically elevated (%)
Mean SD Mean SD Mean SD Total Verbal Few to no words
SPSI
Hyper-reactivity 12.7 5.7 13.3 5.5 12.3 5.9 – – –
Hypo-reactivity 11.1 4.9 9.3 4.7 12.3 4.7 – – –
Sensory Seeking 9.9 5.1 10.0 6.0 9.9 4.6 – – –
SAND
Hyper-reactivity 9.4 3.7 9.3 4.1 9.5 3.7 – – –
Hypo-reactivity 8.5 5.6 5.6 4.2 10.4 5.6 – – –
Sensory Seeking 17.6 3.6 16.7 6.3 18.1 3.1 – – –
BASC-3
Hyperactivity 22.9 6.0 23.0 6.3 22.8 5.9 46.3 47.6 45.5
Aggression 7.8 5.7 8.3 5.8 7.5 5.6 31.5 38.1 27.3
Externalizing Problems 133.9 26.0 135.5 27.0 132.9 25.7 40.7 52.4 33.3
Anxiety 8.4 6.8 11.3 8.0 6.4 5.1 13.0 23.8 6.1
Depression 12.8 6.2 14.1 6.9 11.9 5.5 25.9 38.1 18.2
Somatisation 8.6 6.2 8.4 7.7 8.7 4.9 14.8 19.0 12.1
Internalizing Problems 169.5 34.0 179.0 36.1 162.9 31.4 20.4 23.8 18.2
ADOS-2
Comparison Score 6.2 2.8 7.2 2.3 4.5 2.7 – – –
TABLE 3 Correlations between sensory composites (SPSI and SAND), and behavior and mental health symptoms (BASC-3) for combined
groups (n = 54)
Hyper-reactivity Hypo-reactivity Sensory seeking
r p r p r p
Hyperactivity 0.21 0.14 0.08 0.56 0.68 0.00
Aggression 0.18 0.20 0.12 0.42 0.47 0.00
Externalizing problems 0.16 0.27 0.04 0.79 0.60 0.00
Anxiety 0.30 0.03 0.44 0.00 0.15 0.30
Depression 0.33 0.02 0.16 0.25 0.33 0.02
Somatization 0.52 0.00 0.10 0.48 0.12 0.42
Internalizing problems 0.43 0.00 0.20 0.15 0.23 0.10
Note: SPSI = Sensory Processing Scale Inventory; SAND = Sensory Assessment of Neurodevelopmental Differences; BASC-3 = Behavior Assessment System for
Children, 3rd Edition.
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95% CI [0.223, 0.806], p < 0.001), and internalizing prob-
lems (rs = 0.59, 95% CI [0.253, 0.760], p = 0.001). No
effects were detected in the verbal group.
Hypo-reactivity and mental health
A moderate negative effect was detected for anxiety
(rs = 0.38, 95% CI [0.694, 0.062], p = 0.040) in the
few to no words group. No effects were detected in
the verbal group.
Sensory seeking and mental health
Moderate to large positive effects were detected in the
externalizing domains for both groups, and depression in
the few to no words group. For the few to no words
group this included hyperactivity (rs = 0.62, 95% CI
[0.331, 0.805], p < 0.001), aggression (rs = 0.44, 95% CI
[0.086, 0.725], p = 0.018), externalizing problems
(rs = 0.49, 95% CI [0.133, 0.761], p = 0.006), and depres-
sion (rs = 0.38, 95% CI [0.055, 0.644], p = 0.041). For the
verbal group this included hyperactivity (rs = 0.74, 95%
CI [0.320, 0.880], p < 0.001), aggression (rs = 0.59,
95% CI [0.136, 0.867], p = 0.005), and externalizing prob-
lems (rs = 0.71, 95% CI [0.255, 0.889], p < 0.001).
Sensory reactivity and mental health symptoms
subgroup differences
Using the Fisher r-to-z transformation, we assessed the
significance of the difference between correlation coeffi-
cients across the two groups. A difference was found
between groups for hyper-reactivity and anxiety
(z = 2.23, p = 0.012) and depression (z = 2.09,
p = 0.018).
DISCUSSION
Using parent-report measures of mental health symp-
toms, and parent-report, interview, and observational
measures of sensory reactivity, the objective of this study
was to examine the relationship between sensory reactiv-
ity and mental health symptoms in autistic preschool-
aged children. Our findings support that mental health
TABLE 4 Correlations between sensory composites (SPSI and SAND), and behavior and mental health symptoms (BASC-3) for the verbal
group (n = 21)
Hyper-reactivity Hypo-reactivity Sensory seeking
r p r p r p
Hyperactivity 0.04 0.86 0.24 0.29 0.74 0.00
Aggression 0.02 0.93 0.01 0.97 0.59 0.01
Externalizing problems 0.02 0.92 0.13 0.56 0.71 0.00
Anxiety 0.02 0.92 0.34 0.13 0.27 0.23
Depression 0.04 0.85 0.08 0.72 0.38 0.09
Somatization 0.32 0.15 0.22 0.35 0.13 0.58
Internalizing problems 0.21 0.35 0.02 0.93 0.34 0.13
Note: SPSI = Sensory Processing Scale Inventory; SAND = Sensory Assessment of Neurodevelopmental Differences; BASC-3 = Behavior Assessment System for
Children, 3rd Edition.
TABLE 5 Correlations between sensory composites (SPSI and SAND), and behavior and mental health symptoms (BASC-3) for the few to no
words group (n = 33)
Hyper-reactivity Hypo-reactivity Sensory seeking
r p r p r p
Hyperactivity 0.34 0.08 0.07 0.73 0.62 0.00
Aggression 0.33 0.08 0.19 0.31 0.44 0.02
Externalizing problems 0.27 0.16 0.22 0.25 0.49 0.01
Anxiety 0.60 0.00 0.38 0.04 0.09 0.64
Depression 0.57 0.00 0.10 0.61 0.38 0.04
Somatization 0.62 0.00 0.13 0.52 0.07 0.71
Internalizing problems 0.59 0.00 0.24 0.21 0.20 0.31
Note: SPSI = Sensory Processing Scale Inventory; SAND = Sensory Assessment of Neurodevelopmental Differences; BASC-3 = Behavior Assessment System for
Children, 3rd Edition.
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symptoms are present in young autistic children and indi-
cate a relationship between visual, tactile, and auditory
reactivity and mental health. Moreover, findings high-
light similarities as well as divergent relationships
between mental health and sensory reactivity differences
between autistic preschool-aged children who are verbal,
and those who use few to no words.
In line with previous research, 70% of our sample
showed elevated levels of mental health symptoms
(American Psychiatric Association, 2013; Caamaño
et al., 2013; Simonoff et al., 2008), with participants more
likely to present with an externalizing problem than an
internalizing problem. Over two-thirds of our sample
scored within the clinically significant range for at least
one symptom, and over half scored within the clinically
significant range for two or more symptoms, with the
most endorsed symptoms from within the externalizing
problems domain.
At a sensory construct level, our results indicate that
hyper-reactivity is significantly related to internalizing
problems in autistic preschoolers. Our results echo the
established understanding of the relationship between
sensory hyper-reactivity and anxiety (Green et al., 2012;
Green & Ben-Sasson, 2010; Liss et al., 2005; MacLennan
et al., 2020) and our combined data also shows more
broadly a relationship of hyper-reactivity and internaliz-
ing symptoms. Our results are also in line with previous
research showing an association between hyper-reactivity
and somatic complaints (Beaudry-Bellefeuille et al., 2019;
Lefter et al., 2020). However, the positive relationship
seen between hyper-reactivity and depressive symptoms
in our sample has not been shown in previous research,
with extant literature thus far only having identified a
relationship between hypo-reactivity and depressive
symptoms in autistic children (Bitsika et al., 2016;
Pfeiffer et al., 2005). The difference between previous
findings and our findings may be due to differences in
sample and methodology between our study and previous
studies. Both Bitsika et al. (2016) and Pfeiffer
et al. (2005) utilized an older sample, with a mean age of
11.2 years (range 6–18 years) and 9.8 years (range 6–
17 years), respectively, whereas our sample was younger
(mean age of 4.02; range 3–5 years). One hypothesis
could be that sensory processing pathways or mecha-
nisms may change over time in response to unpleasant
sensory stimuli. For example, as a type of desensitization
as the person becomes used to the sensory input. Our
sample also included participants across the autistic spec-
trum, whilst previous studies did not include participants
with few to no words. In our sample the relationship
between hyper-reactivity and depression was driven by
the subgroup of autistic children who use few to no
words, and we further could not find a relationship
between sensory hyper-reactivity and depressive symp-
toms in the verbal subgroup, which is in line with previ-
ous work (Bitsika et al., 2016; Pfeiffer et al., 2005).
Therefore, as previous work has only explored the
relationship between sensory reactivity and depressive
symptoms in older and verbal children, this work extends
previous findings and highlights the need to explore the
relationship between sensory reactivity and mental health
constructs in autistic children with different language
abilities. Our data suggests that symptoms of depression
in young autistic children are driven by those who use
few to no words. One explanation may be that verbal
ability moderates the relationship between hyper-
reactivity and mental health symptoms. Namely, that
autistic individuals utilize functional language to meet
their sensory and/or mental health needs, with individuals
who use few to no words unable to do so as efficiently.
Further, individuals who use few to no words may have a
reduced communicative ability to modify or control their
environment to minimize distressing sensory input. It is
therefore worth exploring functional language in prospec-
tive sensory and mental health autism research to eluci-
date this relationship. Further, differences in our findings
of hypo-reactivity and depression when compared with
previous research (Bitsika et al., 2016; Pfeiffer
et al., 2005) may be an artifact of directionality or causal-
ity, which is beyond the scope of the current study.
We found little evidence of a relationship between
hypo-reactivity and mental health symptoms outside of
anxiety. Recent research investigating sensory hypo-
reactivity and anxiety report significant findings in their
overall sample (MacLennan et al., 2020), with the
authors positing that hypo-reactivity may serve as a
defense against sensory overload and the corresponding
evocation of anxiety symptoms. In our sample, the hypo-
reactivity/anxiety relationship, whilst significant in the
total sample, did not hold significance when split by
group. However, a relationship was seen at the trend
level in both groups, with r coefficients larger than 0.3. It
is noted though that compared to other subscales, the
BASC-3 anxiety subscale may be less accurate in investi-
gating anxiety symptoms in those who use few to no
words, as the wording of some items assumes the use of
functional and/or verbal communication (e.g., says, “I’m
not very good at this” or worries about what parents
think).
We further found a relationship between sensory
seeking and externalizing symptoms, including for hyper-
activity and aggression, in our combined data, which held
for both groups when split by verbal ability. Whilst
causal inferences cannot be made from cross-sectional
data, the nature of sensory seeking is such that seekers do
not have their sensory needs met organically, and there-
fore must pursue such stimuli to meet those needs. There-
fore, a potential argument could be made that from a
construct level in autistic children with externalizing
behaviors, the disparity of having a sensory need but not
being able to effectively satisfy that need, even when one
seeks out sensory stimuli, may be associated with the
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development of mental health symptomology. On
the other hand, seeking could also be used as a coping
mechanism to manage mental health symptoms and
might have beneficial effects as anecdotal reports suggest,
and would include seeking out sensory stimuli to support
physiological, behavioral and emotional regulation.
This study was unique in that it explored the associa-
tion between sensory reactivity differences and mental
health symptoms across autistic children who are verbal
and those who use few to no words. However, there are
several limitations noted. It is worth highlighting that
whilst there have been recent developments in sensory
measures designed specifically for those who are neu-
rodiverse and use few to no words (Siper et al., 2017),
there is a general lack of validated measures of mental
health and language ability when assessing across the
entirety of the autism spectrum. Moreover, this also
speaks to the wider issue of reliance on parent-report
measures to the detriment of other measures, for example
self-report, observation, or measures of physiology. This
study utilized parent-report measures of mental health
symptoms, and it is possible that there exists a bias
towards over- or under-responding to mental health
domains, or misattribution of related behaviors in
responses (Stokes et al., 2011). Parents may also mis-
attribute autistic behaviors or define behaviors through a
non-autistic viewpoint, with further potential for behav-
iors driven by sensory differences to be inferred as symp-
toms assessed within mental health measures. It is also
acknowledged that whilst the BASC-3 has previously
been used in autism research and provides a foundation
for understanding mental health symptoms in this cohort,
caution should be taken when interpreting our results as
it has yet to be validated in the autistic population, and
includes items which may be difficult to answer for those
who use few to no words (e.g., “speaks in short phrases
that are hard to understand” or ‘“says, “I’m not very
good at this”’). It is considered highly appropriate that
future research investigating mental health constructs in
autism consider measures of mental health which have
been specifically designed, or at least validated, with this
population.
Further, whilst our sample size was in line with pre-
vious studies of sensory reactivity and mental health
(Baranek et al., 2013; Leekam et al., 2007; Pfeiffer
et al., 2005), the subgroup sample size may not be an
accurate representation of larger ASC cohorts. Due to
sample size and data limitations, we were not able
to explore possible gender or socioeconomic differences
between groups. Nevertheless, demographic risk factors
may influence the emergence or trajectory of sensory
reactivity or mental health symptoms, and we were
unable to evaluate the role of these risk factors on our
sensory and mental health variables.
It is noted that whilst the broad term of sensory reac-
tivity has been used in this article, the composite utilizes
data from three sensory domains and does not include
data from other domains, such as interoception. As such,
the authors make no assumptions about using the term
sensory reactivity as an absolute. Moreover, whilst it is
beyond the scope of this article to discuss the other sen-
sory domains, such as olfaction, proprioception or inter-
oception in detail, there is emerging evidence for the
relationship between other sensory domains and mental
health (e.g., Palser et al., 2018; Trevisan et al., 2020).
Future studies should consider including other sensory
domains.
Our findings have implications for interventions
with young autistic children. Sensory reactivity appears
to be related to the symptoms of mental health, and it
may be beneficial to assess sensory differences as part
of more rigorous mental health assessments within men-
tal health services. Additionally, it is worth considering
sensory needs within educational, community, and clin-
ical settings, particularly when children are presenting
with comorbid mental health symptoms. This may then
have repercussions, namely benefits, for the develop-
ment of more robust support plans and interventions.
From a research perspective, it is critical for future
studies to explore the underpinnings of the sensory-
mental health relationship in individuals who use few to
no words. It is also critical to understand the causal
relationship between sensory reactivity and mental
health, particularly with hyper-reactivity and sensory
seeking using longitudinal research. This should include
an exploration of the degree to which sensory reactivity
is a product of mental health difficulties, and conversely
the degree to which mental health difficulties are a
product of sensory reactivity. A greater understanding
of the causal direction would allow for the exploration
of whether addressing sensory needs in children pre-
senting with autism early may be a key component in
preventative mental health interventions. Further,
research could also explore potential additional vari-
able relationships, such as sensory constructs as media-
tors or moderators, or the role of other factors such as
stress or intolerance of uncertainty. Studies with larger
sample sizes which include analyzable numbers of
female participants are required to replicate and fully
understand the sensory-mental health relationship. This
future research should incorporate measures that are
validated across the autistic spectrum.
CONCLUSION
The objectives of this study were to explore the associa-
tion between sensory reactivity differences and mental
health symptoms in autistic children. There appears to be
a relationship between sensory reactivity and mental
health symptoms in autistic children. Specifically, sensory
seeking and externalizing symptoms, and hyper-reactivity
and internalizing symptoms in autistic preschoolers who
use few to no words.
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1Careful consideration was given to the language used within the manu-
script, and the authors are highly conscious of the heterogeneity of peo-
ple’s preferences for the way autism, and people on the autistic
spectrum, are described. Whilst there is no universally accepted prefer-
ence for autism terminology, autism first language has been incorpo-
rated in line with research findings that indicate the majority of autistic
people surveyed endorsed ‘autism’ or ‘autistic’ as their preferred termi-
nology (Kenny et al., 2016) as well as checking directly with families
who took part in this research.
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